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(57) The apparatus for optically measuring the po- 
sition of a moving object (101) comprises a scintillating 
fibre (102) disposed relatively to a laser light scanning 
means comprised of a static laser source (111) and a 
rotating polygon mirror (110) which continuously lighten 



with a laser light beam (115) the length of the fibre. The 
scintillating fibre (1 02) comprises at least one photo de- 
tector (131) for detecting at one end of the fibre an oc- 
cupation of the laser light beam (115) by the object, the 
apparatus further comprising processing means for out- 
putting a position value (P) of the object (101). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and an apparatus for optically detecting the position and/or the 
form of an object. In particular, the present invention relates to non contact measurement instruments for sensing object 
movements occurring transverse to them. 

BACKGROUND OF THE INVENTION 



[0002] Most known non-contact measurement instruments designed to sense transverse motions are based on op- 
tical methods and use line scan camera. Optical position detectors include either charge-coupled device (CCD) arrays 
or position-sensitive photocells (lateral effect or photo-potentiometer). 

[0003] In the devices using CCD arrays, the object to be measured is back-lighted so as to produce a light-dark 
15 pattern with transitions at the object's edges. For measurement purpose, a good focusing is often a problem. An in- 
crease in resolution, i.e. of the number of pixels, inevitably involves a high cost. Moreover, if the object is moving, which 
is often the case in process controls for example, additional errors are introduced and a higher scan frequency leads 
in turn to a higher cost for the measurement system. 

[0004] With devices including position-sensitive photocells, the lateral-effect photodiode is the basis of a number of 
20 motion-measuring schemes. They have a short response time and may be necessary in the highest-speed applications. 
Unfortunately, they have a low resolution and are subject to drift. 

[0005] These two types of detectors need magnifying optics and sophisticated electronics for signal processing which 
render their manufacturing cost relatively expensive. 

25 OBJECT AND SUMMARY OF THE INVENTION 

[0006] In view of such aspects, an object of the present invention is to provide a method and an apparatus in which 
the above-mentioned problems can be solved. In other words, an object is to provide a method and an apparatus which 
allow, at a low cost, non-contact position measurement of a object with a good resolution even in the case where the 
so object is moving. 

[0007] To this end, there is provided a method for optical position measurement of an object, characterised in com- 
prising the steps of providing at least one scintillating fibre comprising a core incorporating fluorescent dyes, placing 
a laser light scanning source at a predetermined distance from the scintillating fibre so that a laser light beam is scanned 
over the fibre length in one scanning sequence, detecting an occultation of the light beam in the scintillating fibre during 
35 one scanning sequence, and calculating a position of the object from the occultation detected. 

[0008] Thus, according to the present invention, the position of an object may be measured in a reliable and accurate 
fashion without requiring a contact with the object while using low cost component in comparison with the non-contact 
measurement devices of the prior art. 

[0009] According to an aspect of the invention, the detection of the occultation in the fibre is performed from one or 
40 both end(s) of the scintillating optical fibre. 

[001 0] Preferably, the scanning sequence further comprises the steps of detecting a first optical signal indicating that 
the scanning sequence is started and a second optical signal indicating that the scanning sequence on the scintillating 
fibre is finished. 

[0011] The object may move along a line between the scanning laser light source and the scintillating fibre. 
45 [0012] More specifically, the position value of the object is calculated from the following equation: 



P = dsin 




where 

d is the distance between the emitting point of the laser light beam and the object, 
55 a is the angle covered by the laser light beam in a scanning sequence, 

T 12 is the time measured for a scanning sequence, and 
T 13 is the time between the starting of a scanning sequence 
and the detection of the occultation in the scintillating fibre. 
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[0013] The present invention also provides an apparatus for optical position measurement of an object, characterized 
in that it comprises at least one first scintillating fibre disposed relatively to first laser light scanning means so as to be 
continuously illuminated by a laser light beam deflected from the first laser scanning means, the first scintillating fibre 
comprising at least one photo detecting means for detecting at one end of the fibre an occupation of the laser light 
5 beam by the object and in that the apparatus further comprises processing means for outputting a position value of 
the object. 

[0014] Accordingly, the present apparatus produces a laser light beam which is scanned over the length of a scin- 
tillating fibre which is used as a receiver for detecting laser light interruption. This provides a non-contact measurement 
system of an object which is simple in construction and thus having a low cost of manufacturing. 

10 [0015] According to another embodiment of the present invention, the apparatus further comprises a second scin- 
tillating fibre which is disposed orthogonal to the first fibre and relatively to second laser scanning means so as to be 
continuously illuminated by a laser light beam deflected from the second laser scanning means. 
[0016] According to an aspect of the invention, the scintillating fibres, used in the apparatus, comprise a further photo 
detecting means for detecting an occupation of the laser light beam at both ends of the fibre. 

15 [0017] According to another aspect of the invention, the scintillating fibres further comprise a first photo sensor dis- 
posed in the vicinity of an end of the fibre and a second photo sensor disposed i n the vicinity of the other end of the fibre. 
[0018] More specifically, the laser light scanning means each comprises a low power laser source and a rotating 
polygon mirror and the low power source emits a laser beam at a wavelength of 670 nm or less. 
[0019] According to another embodiment, the laser light scanning means further comprises F-theta lenses for con- 

20 verting the angular velocity of the laser light beam to a linear velocity, 

[0020] On the other hand, the object moves along a line between the laser light scanning means and the scintillating 
fibre. 



25 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The invention and its advantages will be better understood from the following description, given as non-limiting 
examples, of preferred embodiments with reference to the appended drawings, in which: 

figure 1 is a schematic cross-sectional view of a scintillating fibre according to the invention; 
30 figure 2 is schematic view of a position measurement apparatus according to a first embodiment of the invention; 

figure 3 is a timing chart of a scanning sequence according to the present invention; 
figure 4 is functional block diagram of the signal processing means of the invention; and 
figure 5 is schematic view of a position measurement apparatus according to a second embodiment of the invention. 

35 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0022] The optical position measurement apparatus of the present invention notably uses at least one scintillating 
optic fibre as a receiver. The scintillating optic fibres are also called wavelength -shifting optical fibres or fluorescent 
plastic fibres. 

40 [0023] The structure and effects of the scintillating fibres used in the apparatus of the invention are described in 
relation with figure 1 . A scintillating fibre 2 is comprised of a plastic core 3 which is clad with a material 4. The plastic 
core 3 of the scintillating fibre is doped with chemicals so that the core comprises fluorescent dyes which have the 
property of absorbing an incident light and re-emitting the light at a longer wavelength. 

[0024] Therefore, when a light beam 9 passes through the scintillating fibre 2, the plastic core 3 absorbs part of the 
45 external light. The light is absorbed by a fluorescent dye 5 which re-emits this light, at a longer wavelength, through 
two light waves 6 and 7 respectively on either side of the fibre. The re-emitted light waves 6, 7 remain trapped in the 
plastic core 3 by total internal reflection. The total internal reflection is obtained with the cladding material 4 which 
presents a lower refractive index than the core, thus creating a mismatch of indices which set the conditions for total 
internal reflection. 

so [0025] The re-emitted light wave is propagated along, by internal reflection, until it arrives at one end of the fibre. At 
this point, the light escaping from the fibre can be detected by a photo detector. 

[0026] The above properties of the scintillating fibre are used in the apparatus of the present invention. 
[0027] The method and apparatus for optical position measurement of an object according to the present invention 
will be described in relation with a first embodiment illustrated in figure 2. The apparatus 100 comprises a scintillating 
55 fibre 1 02 having the properties described above. In other words, the fibre 1 02 includes a core 1 03 incorporating fluo- 
rescent dyes and being clad by a material 104 presenting a refractive index lower than that of the core 103. The two 
ends of the fibre 1 02 are provided respectively with a photo detector 1 31 and 1 32 for detecting the light waves escaping 
from the fibre. The fibre 1 02 could be also provided with only one photo detector located at one end of the fibre. The 
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advantage of providing a photo detector at each end of the fibre is to provide two points at which the re-emitted light 
wave can be detected. As viewed from figure 1 , the fluorescent dye 5 re-emits a light wave towards the two ends of 
the fibre. The losses all along a fibre length are greater in a scintillating fibre than in a classical optical fibre. Hence, 
providing a photo detector at both ends of the scintillating fibre allows the side of the fibre where the light wave has 

5 the shorter way to go, and so the highest magnitude to be chosen. 

[0028] Further, two phototransistors 1 21 and 1 22 are respectively placed close to the ends of the fibre. The apparatus 
also comprises a laser scanning source assembly including a low power laser source 111, such as a laser diode, which 
emits a low power laser beam 112 towards the surface of a rotating polygon mirror 110. The laser beam 112 emitted 
from the laser emitting source is thus reflected by the polygon mirror 110 which deflects the laser beam along a line S 

10 and, in the process, transforms the beam from a static source of light into a beam rotating in a plane at a constant 
speed defined by the mirror rotation speed and the number of its faces. More specifically, in order to scan the entire 
length of fibre 1 02, the static laser beam 1 1 2 has to be deflected over at least an angle |3 between the light beams 1 1 3 
and 114. The means for deflecting the static laser beam 112 is not limited to a rotating polygon mirror, it may be also 
comprised of a vibrating mirror or an acousto-optical cell of the Bragg cell type in which an acoustic wave forms a 

15 grating without mechanical movement. 

[0029] In order to excite the fluorescent dyes of the core 103, the photons of the incident light must have a sufficient 
level of energy, that is a short wavelength. Therefore, a laser emitting a light at 670 nm or shorter is quite suitable, 
[0030] The apparatus 100 thus constituted provides a one-dimensional (1-D) measurement system. The fibre 102 
is fixed in the rotation plan of the laser beam and is continuously illuminated during the scanning sequence if no object 

20 occults the laser beam. When referring to figure 3, the signals T-, and T 2 are the signals outputted by the phototransistors 
121 and 122 respectively. A n th scanning sequence starts when the light beam hits the phototransistor 121 and stops 
when the beam hits the phototransistor 1 22. In other words, the phototransistor 1 21 outputs a start pulse when it is hit 
by a light beam and the phototransistor 1 22 outputs a stop pulse when it is hit by a light beam. Accordingly a scanning 
sequence in which the entire length of the fibre is illuminated once is comprised between two adjacent start and stop 

25 pulse. 

[0031] As illustrated on figure 2, the laser scanning source assembly, composed of the low power laser source 111 
with the rotating polygon mirror 110, and the receiver formed by the scintillating fibre together with photo detectors are 
disposed in such a way that they define a plan comprising a line XX' along which an object 101 moves, as on an 
assembly or production line. More precisely, the polygon mirror is placed such that the laser light beam is emitted at 
30 a predetermined distance d from the line XX' while the scintillating fibre is placed on the other side of the line XX' 
relatively to the plan of the scan. 

[0032] If the object 1 01 moves along the line XX' and in the plan defined by the scanning of the laser beam, it occults 
the laser beam 115 during a scanning sequence so that the photo detectors 131 and 132 sense a light interruption at 
the end of the fibre. In this case, as shown in figure 2, with a fibre having a photo detector at each end, the photo 

35 detector 131 , rather than the photo detector 132, is preferred for sensing light interruption. Indeed, as can be seen 
from the figure, the laser light beam 1 1 5 is interrupted in a portion of the fibre which is nearer to the photo detector 131 
than 132. At this time, the signal PT^PT^ read from one of the photo detectors, changes from a high level, which is 
maintained as long as the laser beam is not interrupted, to a low level indicating that the laser beam is occulted by an 
object. The low level pulse outputted by the photo detectors corresponds to the interruption of the light wave re-emitted 

40 in the fibre, thus making the electrical signal outputted by the photo detector a low level. The width W 3 of the low level 
pulse corresponds to the duration of the occupation, that is the width of the object occulting the beam when the light 
is scanned at a constant speed. 

[0033] The photo detector thus generates a low level pulse whose temporal position, relating to the start and stop 
pulses of a scanning sequence, depends on the position of the object. Starting from this statement, a basic relation 
45 for determining the position of the object can be established. With the laser beam rotating at a constant speed, the 
following relation is obtained: 



50 



a p T 13 

a T 12 p T 



1_3_ 
12 



0) 



where: 



a is constant, 

55 T 13 represents the time between a start pulse and a light interruption detected, and 

T 12 represents the time of the scanning sequence, 
T 13 and T 12 being measured at each scanning sequence. 
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Knowing ap, the object position P is given by: 



P = dsin| —a, 



2 P 



or 




<=>P = dsin 




(2) 



15 where a is a constant term. 

[0034] Therefore, since a and d are constant terms and T 13 and T 12 are measured at each scanning sequence, it is 
possible to know the position P of the moving object 1 01 from the equation (2). 

[0035] The above calculations are performed by processing means shown in figure 4. A processing unit 50 coupled 
to the apparatus 1 00 monitors a scanning operation through the impulse signal T 1 supplied by the conditioning amplifier 

20 (not shown) of the phototransistor 1 21 , the impulse signal T 2 supplied by the conditioning amplifier (not shown) of the 
phototransistor 1 22 and through the impulse signals PT3/PT4 supplied by either the conditioning amplifiers of the photo 
detector 1 31 or 1 32. These signals are received at an input/output unit 51 that drives a counter unit 54 linked to a clock 
unit 55. At the end of each sampling cycle, the counting results are transmitted through a bus 56 to a processor 53 to 
perform the operations for generating position information data which are output from a second input/output unit 57. 

25 These operations (calculation programme) may be programmed and stored in a memory 52. 

[0036] More specifically, when a start pulse is received at the input/output unit 51 from the signal T-, , the counter unit 
54 starts to count clock pulses of the clock unit 55. When a low level pulse is detected from the signal PT^PT 4 before 
a stop pulse is received from the signal T 2 , the number of the clock pulses already counted are stored as the temporal 
value T 13 . Then, when a stop pulse is detected, the clock pulses counted from the start pulse are also stored as temporal 

30 value T 12 . At this stage of the operation, the processing unit 50 is able to generate position information data, such as 
the above value P. The position information data can be either be stored as temporal value T 12 . At this stage of the 
operation, the processing unit 50 is able to generate position information data, such as the above value P. The position 
information data can be either directly visualised on a display unit (not shown) or supplied to a system (not shown) 
which needs this information to control line-flow production processes. 

35 [0037] An inverter can be provided in the signal line conveying the signal PT^P^ to the input/output unit 51 . In this 
case, the interruption of the light in the fibre will be detected from a high level pulse, the signal Pl^Pl^ remaining low 
as long as the fibre is illuminated. 

[0038] Otherwise, if it is necessary to avoid the computation of the sinus in the formulation of the qbject position and 
thus reducing the computation time in the processing unit, a conversion table associating the ratio — ^ to the position 

40 of the object expressed in a physical unit such as millimetres, can be stored in the memory 52. Sucn 1 8 table, which is 
different for each specific value of d, can be computed by an external processing device, for example, a personal 
computer, and then downloaded on the memory of the processing 50. The position measurement apparatus of the 
invention provides a wide operating range which is typically from 0.1 m to 2 m, with a very high accuracy (up to 1/5000). 
However, it must be noted that for the measurement of ranges lower than 0.2 m, F-theta lenses or the like can be used 

45 to convert a constant angular velocity to one with a constant linear velocity. This avoids the computation of the sinus 
function of the equation (2) by the processing unit, thus maintaining the good response of the system. 
[0039] The configuration of the processing means illustrated in figure 4 is given as an example of the manner in 
which the data supplied by the apparatus 1 00 in order to generate position data suitable for a user or another system. 
A man skilled in the art could obviously imagine various embodiments for the processing means without difficulty. For 

50 example, the processing means may be embodied from an integrated circuit specifically designed, such as an ASIC, 
for implementing the above steps. 

[0040] The apparatus 1 00 described above provides 1-D measurements but can also, by straightforward extensions, 
provide two-dimensional (2-D) measurements of a moving object. An example of a 2-D measurement apparatus is 
shown in figure 5. A first measurement device is formed by a laser scanning source 206 together with a scintillating 
' 55 fjbre 210 equipped, as previously described, with two photo detectors 213, 215 and two phototransistors 211, 212, 
respectively provided at the end of the fibre. In the same way, a second measurement device, composed of a laser 
scanning source 205 combined with a scintillating fibre 220, is also provided with photo detectors 224, 225 and pho- 
totransistors 222, 223. This second measurement device is disposed substantially in the same plane as that defined 
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45 



by the first measurement device. In this embodiment the two scintillating fibres 210 and 220 are orthogonal to each 
other, thus providing a 2-D (X-Y) measurement of a moving object 201 . 

[0041] As can be seen from the layout of figure 5, the X Y position of the object 201 is defined by the intersection of 
the half lines d 1 and d 2 . d., is defined by the distance a 1f which is known as the value d of the previous example, and 
Px which is measured as described above for the position value P. In the same manner, d 2 is defined by the distance 
a 2 (known) and Py (measured). Therefore, the X-Y coordinates are obtained by solving the two following equations: 



[0042J For computing such equations the processing means shown in figure 5 have to be modified accordingly. In 
particular, the number of input terminals of the input/output unit has to be doubled and the program for processing data 
received from the detectors has to be modified in relation to the equations (3) and (4). 

[0043] The optical position measurement apparatus according to the invention is simple, robust and reliable. It does 
20 not need magnifying optics or sophisticated electronics and can be produced at low cost. It could substitute CCDs or 
equivalent devices at a much lower cost in many applications comprising: measurement systems, object monitoring 
in line-flow production such as selection, inspection and profiling applications. The present method of the invention 
could also used for object recognition where the measured object "signature" can be compared with a "standard" to 
check whether they match in order to identify the object or even detect defects on it. In view of this, a 1 -D measurement 
25 apparatus may further comprise, instead of a single fibre for one dimension, an array comprised of parallel scintillating 
fibres enabling to perform contour measurements of an object in one direction. In such a case, the laser scanning 
source assembly has to be adapted for illuminating more than one scintillating fibre. 

[0044] A similar recognition could also be performed by moving the object at constant speed (as is the case in 
production lines) in front of a single fiber. In the latter case, a 2-D recognition could be performed. 

30 [0045] Moreover, the apparatus can be employed in security systems for object detection or as a safety light barrier... 
[0046] The apparatus and method according to the present invention are free of focalisation problems and of long- 
term drift. The sampling frequency is typically around 1000 scan/s but can be increased to higher values. Therefore, 
the method disclosed in the present invention is well suited to be employed in systems for dynamic measurements 
such as vibration measurements. As an example, the present method and apparatus can be implemented as smart 

35 cable sensors so as to monitor vibrations on civil structures for upgrading the structural damping and mitigating the 
induced vibrations. Without any sensor on a cable, the motions of this latter can be measured in a narrow range 
according to one or more dimensions. 

[0047] The method of the invention may be used with any structure subjected to vibration, thus making the assembly 
as a smart structure. 



Claims 

1. Method for optical position measurement of an object (101), characterised in comprising the steps of: 



a) providing at least one scintillating fibre (102) comprising a core (103) incorporating fluorescent dyes (5), 

b) placing a laser light scanning source at a predetermined distance from the scintillating fibre so that a laser 
light beam (115) is scanned over the fibre length in one scanning sequence, 

c) detecting an occupation of the light beam in the scintillating fibre during one scanning sequence, and 
so d) calculating a position (P) of the object (101) from the occupation detected. 

2. Method for optical position measurement according to claim 1 , characterised in that said step c) is performed 
from at least an end of the scintillating optical fibre. 

55 3. Method for optical position measurement according to claim 1 , characterised in that said step c) is performed 
from both ends of the scintillating optical fibre. 

4. Method for optical position measurement according to any one of claims 1 to 3, characterised in that the scanning 
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sequence further comprises the steps of detecting a first optical signal (T^ indicating that the scanning sequence 
is started and a second optical signal (T 2 ) indicating that the scanning sequence on the scintillating fibre is finished. 

Method for optical position measurement according to any one of claims 1 to 4, characterised in that said object 
(101) moves along a line (XX 1 ) between the scanning laser light source and the at least one scintillating fibre. 

Method for optical position measurement according to any one of claims 1 to 5, characterised in that said step 
d), the position value (P) of the object is calculated from the following equation: 



P = dsin 



a 



( \ T ^ 



where d is the distance between the emitting point of the laser light beam and the object, 
a is the angle covered by the laser light beam in a scanning sequence, 
T 12 is the time measured for a scanning sequence, and 
T 13 is the time between the starting of a scanning sequence 
20 and the detection of the occultation in the scintillating fibre. 

7. Apparatus for optical position measurement of an object (101), characterized in that said apparatus comprises 
at least one first scintillating fibre (1 02) disposed relatively to first laser light scanning means so as to be continu- 
ously illuminated by a laser light beam (115) deflected from the first laser scanning means, said at least one first 

25 scintillating fibre comprising at least one photo detecting means (131) for detecting at one end of the fibre an 

occultation of the laser light beam by the object and in that said apparatus further comprises processing means 
(50) for outputting a position value (P) of the object (101). 

8. The apparatus according to claim 7, characterised in further comprising a second scintillating fibre (220) which 
30 is disposed orthogonal to the fjrst fibre (210) and relatively to second laser scanning means (205) so as to be 

continuously illuminated by a laser light beam deflected from the second laser scanning means. 

9. The apparatus according to claim 7 or 8, characterised in that said scintillating fibre(s) (1 02; 21 0, 220) comprises 
a further photo detecting means (132; 215, 225) for detecting an occultation of the laser light beam at both ends 

35 of the fibre. 

10. The apparatus according to any one of claims 7 to 9, characterised in that said scintillating fibre(s) (102; 210, 
220) further comprises a first photo sensor (121 ; 211 , 222) disposed in the vicinity of an end of the fibre and a 
second photo sensor (122; 212, 223) disposed in the vicinity of the other end of the fibre. 

40 

11. The apparatus according to any one of claims 7 to 10, characterised in that said laser light scanning means 
comprises a low power laser source (111) and a rotating polygon mirror (110). 

12. The apparatus according to claim 1 0, characterised in that said low power source emits a laser beam at a wave- 
45 length of 670 nm or less. 

13. The apparatus according to any one of claims 7 to 12, characterised in that said laser light scanning means 
further comprises F-theta lenses for converting the angular velocity of the laser light beam (1 1 5) to a linear velocity. 

so 14. The apparatus according to any one of claims 7 to 13, characterised in that said object (101) moves along a line 
(XX 1 ) between the laser light scanning means and the scintillating fibre. 
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